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ABSTRACT 


^ 76 - 1747 ? 


The reliability of LANDSAT Imagery for estimation of clear-cut areas was evaluated by 
comparison with data obtained from hlgh-altltude photos and logging historical map and 
from field Inspections. 

A mature forest, owned by Pacific Logging Company, was selected as a test site because 
of Its continuous clear-cut operation. The forest Is about 50 l*.m northwest of Victoria, 
British Columbia, Canada, and consists of 9092 ha. Ground truth was based on hlgh-altltude 
photos and the Pacific Logging Company Logging History Map for 1973, with a scale of 
1:63,360. LAMDSAT Imagery from band 5, recorded by multlspectral scanner, was obtained on 
September 4, 1972 and on August 12, 1973. 

Areas clear-cut within the past year were overestimated by 12.92 (105 he), those 
clear-cut 1-year or more by 2.22 (76ha), whereas uncut mature tlnd>er wes underestimated by 
3.62(176 ha). Three clear-cut areas were missed In the company map and two In the LAMDSAT 
enhancement. The difference between area estimates was significant when all 26 areas were 
Included but not when 2 overestimated areas were excluded from the analysis. 

Some of the difficulties In using the technique are discussed, but the study Indicates 
that LAMDSAT Imagery color enhancement Is a useful tool In up-dating clear-cut areas for 
long-term planning In forest management. 


INTRODUCTION 


Logging has been a continuous operation In the Province of British Columbia since the 
earliest days of settlement. Accounting for the acreage logged annually Is desirable for 
long-term planning, but It Is also a tremendous task, expensive and time-consuming to carry 
out by conventional means. LAMDSAT offers a new and unique periodic overview of forest 
lands and could facilitate economic collection of such useful data. Earlier studies 
Indicated that some forest management operations can be monitored (Lee, 1974) and the 
technique of color additive viewer enhancement facilitated the Interpretation of a dynamic 
event over time, such as clear-cut areas (Lee et al., 1974). By adjusting the light Inten- 
sity lllumlratlng each band and the scale of each Image on the color additive viewer, multi- 
date Imagery can be superimposed to enhance the scene. This technique Is especially useful 
for areas that have been clear-cut within the past year, where the LAMDSAT signature responds 
to reflectance from exposed mineral soil. The purpose of this paper Is to demonstrate that 
clear-cut areas and uncut mature timber can be Identified and the acreage estimated, using 
LANDSAT Imagery. 


METHODS 


The mature forest, owned by Pacific Logging Company, Victoria, British Columbia, was 
selected as a test site because of its continuous clear-cut operation. The forest Is a 
typical old-growth type in the Pacific Northwest region, consisting of mainly Douglas-flr 
( Pseudotsuga menzlesll (Mirb.) Franco), with western hemlock ( Tsuga heterophylla (Raf.) 
Sarg.) and other coastal tr^e species as minor components. It Is located about 50 km 
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northwest of Victoria. British Columbia. Canada, and consists of 9092 ha. 

Ground truth was based on hlgh-altltude color photography (scale 1:120.000) and the 
Pacific Logging Company Logging History Map for 1973. with a scale of 1:63.360, and field 
visits. The hlgh>altltude color photographs were taken on August 6, 1972 and on July 19. 
1973, from Falcon and CF-100 jet aircrafts, each equipped with RCIO and four Vln^■^n 70-mm 
cameras. LANDSAT Imagery from the 4 bands recorded by the multispectral scanner (MSS) was 
obtained on September 4. 1972 and on August 12, 1973. 

Five steps were required In order to produce satisfactory data from multi-date LANDSAT 
Imagery. The first step was to cut out the portion containing the test site from the 
23 cm X 23 cm black and white MSS 5 Imagery for both September 4, 1972 and August 12, 1973, 
and to laount them between "anti-Newton ring" lantern slide glass. The second step was to 
place the slides in a color additive viewer. The third step was to adjust the scale so that 
the multi-date Images were superimposed. The fourth step was to give the right amount of 
llgnt Intensity, and to use a red filter for the September 4, 1972 Imagery and a green 
filter for the August 12, 1973 Imagery. The final step was to photograph the scene on the 
screen of the color additive viewer, using 35 mm color slide film. 

A 35 mm slide projector was used to transfer the clear-cut Information onto a map. 
comparable to the Pacific Logging Company Logging History Map for acreage estimation. 

2 

A systematic Dot-Area-Grid. 15.5 dots per cm , was used to estimate acreage of the 
forest types, totalling 26 areas (Figures I and 2). 


RESULTS AND DISCUSSIONS 


Image Interpretation 


Image analysis of hlgh-altltude photos (Figures 3 and 4) and confirmation from field 
visits Indicate that progress of clear-cutting can be identified from LANDSAT imagery 
(Figures 5 and 6) and mu^tl-date enhanced color prints (Figure 7). Three distinct forest 
types can be Identified: (1) areas clear-cut within the past year, (2) areas clear-cut 1 

year or more, and (3) areas of uncut mature timber. Areas clear-cut within the past year 
showed up much lighter In color or In tone (owing to fresh slash and exposure of mineral 
soil) than those areas clear-cut 1 year or more, with or without slash burn (owing to gray 
slash, planted trt. plus grass and shrubs and burned slash), as seen In Figures 3, 4, S 

and 6 (see arrows ae differences in color among the 3 forest types as seen In the multi- 

date enhanced col rlnt (Figure 7) are the most distinctive ’•’here areas clear-cut within 
the past year are red, areas clear-cut 1 year or more are yellow, and areas of uncut mature 
timber are dark gray. In areas where mineral soil or rocks are exposed for several years, 
the distinction between 1-year-old and older clear-cut areas may not be possible. 


Transferring of Forest Types Onto Map 


Obviously, the question will be asked, "riow can the forest types best be transferred 
onto a map?" Initially, an attempt was made to use the August 12, 1973 black and white 
LAi’DSAT MSS 5 I'nagery and a 35 mm slide projector to transfer the forest types onto the map. 
This procedure was not successful because of the fuzzy forest type boundaries. However, 
when the multi-date enhanced 35 mm color slide (Figure 7) was used, the transformation was 
more successful because tlie type boundaries were qOite clear. Some difficulty was encoun- 
tered In the transferring process, possibly due to the distortion of the multi-date enhanced 
slide anj the positioning of the 35 mm slide projector; so projection was done In small 
areas, 2 to 4 cm at a time. From experience, the author believes tliat if an Interpretoskop 
is available, this difficulty might be eliminated. Transformation of forest types can 
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probably be done directly, using LANDSA'i' cole** composite >!3S bands 4, 5 and 7 or diazo 
color composites (Lee et al«. 1974). 

The map (Figure 1), produced by the process, is similar to the one provided by the 
Pacific Logging Company shewing areas clear-cut in 1973 and before 1973. 


Area Estimates 


Ideally, area calculations should ba done by overlaying the maps in a grid format on 
a digitizing machine. This machine was not available, hence area estimation was resolved 
by dot grids. Therefore, t!>e error in area estimates from dot grids, if any, is vested in 
the process (Bonner, 1975). This ^rror is not serious in the overall estimates between the 
2 maps: 5 ha or 0.1%; but it may have some effect on each Individual area estimate of the 
26 areas. Table 1 is a summary of the two area estimates for each of the 26 areas and 
their differences. 

In spite of this shortceming, the resulting area estimates were satisfactory: 

(1) Areas clear-cut within the past year were overestimated by 105 ha or 12.9% only. 

(2) Areas clear-cut 1 year or more were overestiiitated by 76 ha or 2.2% only. 

(3) Areas of uncut mature timber were underestimated by 176 ha or 3.6% only. 

A number of discrepancies, most of which were small, were found in the areas clear-cut 
within the past year. Area numbers 1, 2 and 11 were incorrectly classified by the company 
in its mapping process, while area numbers 7 and 14 were Incorrectly classified in the 
LANDSAT mapping process. Area numbers 4 and 14 were significantly overestimated in the 
LANDSAT mapping process, 50.8% and 82.4%, respectively. 

Significant differences were found to exist between area estimates from the company 
map and from the LANDSAT enhancement when all 26 areas were included (Chi-square: 80.80 
with 25 degrees of freedom) . However, the differences were not significant when area 
numbers 4 and 14 were excluded from the analysis (Chi-square; 40.99 with 23 degrees of 
freedom). In the LANDSAT mapping process, the total clear-cut area was overestimated by 
only 181 ha or 4.2%. 

Attention should be drawn to the fact that the period for LANDSAT clear-cut area esti- 
mates was between September 4, 1972 and August 12, 1973, but the period for company clear- 
cut area estimates was the 1973 calendar year. Therefore, a slight discrepancy in area 
estimates was expected. 


CONaUSIONS 


The ability to Identify the status and to estimate the size of current and past clear- 
cutting activity has been definitely established. The acreages for clear-cut and uncut 
mature timber determined from LANDSAT iragery are reliable and the LANDSAT color enhancement 
technique is a useful tool in up-dating clear-cut areas for long-term planning in forest 
management. 
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TABLE 1 SUMMARY OF AREA ESTIMATES 


Forest 

Type 

Type 

No 

Pacific Logging Co. Logging 
Riatory» ha 
<A) 

LANDSAT Color Additive Viewer 
Enhancement Logging History 
ha (B) 

Difference 

ha 

(C) 

-|g- XIOO* 



60 

60 

0 

0 



57 

75 

-18 

-31.6 



39 

44 

- 5 

-12.8 

Logged in 


65 

98 

-33 

-50.8 

1973 


52 

54 

- 2 

- 3.8 



134 

132 

2 

1.5 



11 

13 

- 2 

-18.2 


8 

13 

11 

2 

15.4 


mSm 

44 

44 

0 

0 



77 

75 

2 

2.6 


mSm 

106 

101 

5 

4.7 



44 

49 

-5 

-11.4 



75 

98 

-23 

-30.7 


wem 

34 

62 

-28 

-82.4 


Subtotal 611 

916 

-105 

-12.9 


15 

98 

98 

0 

0 

Logged 

16 

477 

502 

-25 

-5.2 

before 

17 

300 

321 

-21 

-7.0 

1973 

18 

495 

53P 

-43 

-8.7 


19 

1580 

1531 

49 

3.1 


20 

534 

570 

-36 

-6.7 


Subtotal 3484 

3560 

-76 

- 2.2 


21 

3496 

3401 

95 

2.7 

Uncut 

22 

28 

36 

- 8 

-28.6 

Mature 

23 

75 

73 

2 

2.7 

Tlober 

24 

476 

476 

0 

0 


25 

660 

583 

77 

11.7 


26 

62 

52 

10* 

16.1 


Subtotal 4797 

4621 

176 

3.7 

Total 


9092 

9097 

-5 

-O.l 






























Figure 1 . Logging history map produced from LANDSAT iavigery Color Additive Viewer 
enhancement. (Forest type numbers also correspond to type numbers in 
Table I) . 
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Figure 2. Pacific Logging Company logging history map. (Forest type numbers also 
correspond to type rmisbera In Table I) . 
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Figure 3. 


Figure 4. Part of a 23 cm x 23 cm high-altitude color photo taken on July 15 

1973, showing the test site. Arrows point to area logged In 1973. 
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Figure 6. An enlargement of LASDSAT-1 Imagery from frame 1385-18365 KSS-5 (August 
12, 1973) , showing the test site. Arrows point to area logged in 1973. 
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Figure 7, Color Additive Viewer enhancement of logged areas (in red color, 

see arrows), using LANDSAT frame 1043-18370 MSS-5 (September 4, 1972) 
with red filter superimposed on frame 1385-18365 MSS-5 (August 12, 1973) 
with green filter. 
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